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Abstract
A rapidly growing body of research indicates that individual differences in the ability to
regulate emotions depends on symmetric functioning in the prefrontal cortex. When
prefrontal functioning is asymmetrical- especially when the right side is more active than
the left- a lack of emotional control is more likely. This lack of emotional regulation has
consequences for affective social interaction and, therefore, communication. Although a
great deal of theoretical speculation abounds regarding the research literature,
conclusions have been based on narrative literature reviews. In the present study, a
psychometric meta-analysis of studies that examined the relationship between prefrontal
asymmetry and variables related to temperament, personality, and communication was
conducted. Results indicated that the mean correlation between prefrontal asymmetry
and communication-related constructs was .410 and that all of the variance in the cluster
of studies could be attributed to sampling error. The results for the
temperament/personality cluster indicated a mean correlation of .33 and that all of the
variance in the correlations was due to sampling error once a few anomalous effects were
removed. Overall, the findings have implications for communication theory, especially
with respect to neurobiological functioning and self-regulation.
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CHAPTER 1
Introduction and Review of Literature

Nearly a decade ago, Beatty and McCroskey (1998) proposed the communibiological
paradigm in which individual differences in communication functioning were
conceptualized as manifestations of individual differences in the neurobiological systems.
Communication functioning referred to a broad range of constructs including behaviors,
traits, and mental processes. Beatty and McCroskey’s emphasis on neurobiological
underpinnings of communication functioning led them to conclude that a “neurobiology”
of communication was necessary (p. 46). Although early communibiological research
relied on self-report measures as proxy indicators of the sensitivity of neurobiological
systems (e.g., neuroticism was used as an index of behavioral inhibition system
sensitivity and extraversion was employed as an index of behavioral activation system
sensitivity in Beatty, McCroskey, & Heisel, 1998), the neurobiological systems thought
to underlie communication functioning were described in great anatomical detail (For
examples, see Beatty & McCroskey, 1997; Beatty, McCroskey, & Heisel, 1998). In
recent years, however, researchers have begun to study brain activity with respect to
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communication functioning more directly (e.g., Beatty & Heisel, 2007; Heisel & Beatty,
2006).
Beatty and McCroskey (1998) initially posited, among other things, that (1) all mental
and motor processes involved in communication depend on brain activity, and (2) brain
activity precedes psychological experience. Beatty and his colleagues (Beatty,
McCroskey, & Valencic, 2001) reaffirmed these propositions in later work on the subject.
These propositions led Beatty and McCroskey to a “decidedly reductionistic” position
regarding the brain-mind problem (p. 48). With respect to the brain-mind problem,
physical reductionism holds that all brain processes are initiated and regulated by other
brain processes rather than by a meta-physical force (e.g., consciousness or will).
Prominent scholars interested in brain activity and mental functioning (e.g., Clark,
2005; Davidson, 2000; Pinker, 1997; Tooby & Cosmides, 2000; Wilson, 1994) recognize
that one of the challenges that accompanies physical reductionism is to identify the brain
processes which regulate other brain processes. In part, meeting this challenge includes
the identification of brain regions involved in regulation of other brain activities. A
considerable amount of neuroscience research points toward the prefrontal cortex (PFC)
as a likely region in which regulatory functions are executed (e.g., Bachara et al., 1996;
Beatty & Heisel, 2007; Beatty & Lewis, in press; D’Esposito et al., 1995; Damasio, 1995;
Heisel & Beatty, 2006; Stuss & Benson, 1986; Tanji & Hoshi, 2001). However, it is also
important to identify activity patterns within regions that correspond to different
behavioral outcomes when regions such as the PFC perform multiple functions.
One of the most persistent questions for communibiology stemming from the
reductionist foundation concerns the degree to which individuals can regulate their
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emotions and exert control over their behavior in social situations (Beatty, McCroskey, &
Valencic, 2001). On the basis of a twins study, Beatty, Marshall, and Rudd (2001)
concluded that the ability to adapt to situational demands is to a large extent inherited.
Based on Beatty and McCroskey’s (1998) observation that neurobiological systems, not
behaviors, are inherited, it makes sense to suspect that individual differences in
adaptability or the ability to regulate and exert behavioral control must be traceable to
individual differences in the brain functioning.
In recent years, a huge body of research literature has accumulated regarding
asymmetrical activity, especially in the PFC, and individual differences in emotional
regulation and behavioral control (Representative summaries include Clark, 2005;
Davidson, 2000). Much of this research bears directly on constructs studied in the
communication discipline. Examples include shyness (Schmidt, 1999; Schmidt & Fox,
1994), public speaking anxiety (Davidson, Marshall, Tomarken, & Henriques, 2000),
facial expressions (Coan & Allen, 2001), perspective-taking (Sabbagh & Flynn, 2006),
and social competence (Henderson, Marshall, Fox, & Rubin, 2004). In addition, some
studies examined the relationship between prefrontal asymmetry and constructs such as
behavioral inhibition/behavioral activation (Hewig et al., 2006; Sutton & Davidson,
1997) and neuroticism (Minnix & Kline, 2004); which are central to communibiological
models of communication apprehension (Beatty, McCroskey, & Heisel, 1998) and trait
verbal aggressiveness (Beatty & McCroskey, 1997).
Although the PFC asymmetry literature regarding clinical variables such as depression
and chronic anxiety have been meta-analyzed (Thibodeau, Jorgensen, & Kim, 2006), the
roughly 25 studies focused on PFC asymmetry and variables of interest to
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communication scholars, such as verbal aggressiveness, shyness, and sociability, has not
been summarized. Therefore, a meta-analytic review (Hunter & Schmidt, 2004) of those
studies is proposed to provide an estimate of the average strength of association between
PFC asymmetry and the variables of interest and to provide an assessment of the
robustness of the association. In this chapter, a rationale for such a study is developed by
reviewing the theoretical and research literatures pertaining to (1) the neurobiological
foundation of the communibiological model, and (2) the role of PFC asymmetry in selfregulation.
Review of Literature
Neurobiological Foundations of the Communibiological Model
Overview and background. In 1991, Cappella argued that “the biological origins are
as important to understanding aspects of human communication as are its social
origins…because we are, after all, biological organisms” (p. 5). Seven years later, Beatty
and McCroskey (1998) pushed the issue further, arguing that the biological origins are
not merely as important, but far more important than social origins of social interaction
patterns. In fact, Beatty and McCroskey (1998) referred to the influence of environment
or situation as “negligible” (p. 50) or having only a “minimal direct effect on
communication functioning” (Beatty, McCroskey, & Valencic, 2001, p. 78).
Beatty and McCroskey’s thinking was heavily influenced by the results of twins
studies conducted by behavioral geneticists, studies of infants and children conducted
under the rubric of temperament, and work done in the emerging field of cognitive
neuroscience (Beatty, McCroskey, & Valencic, 2001). Informed by this work, Beatty
and McCroskey proposed a model of communication, known as the communibiological
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paradigm, in which communicative functioning was seen as a manifestation of
neurobiological activation and that individual differences in communication traits,
behaviors, or processes such as subjective interpretation of messages represented
individual differences in neurobiological functioning- either thresholds for activating
systems or intensity once activated. The proposition that situation or environment had
little direct main effect on communication functioning was based on the assumption that
all input from the environment is mediated through individuals’ neurobiological systems
(Beatty, McCroskey, & Valencic, 2001) and since individuals’ neurobiology systems
vary, a constant input would result in varied interpretation.
Neurobiological foundation of early work. The initial work under the rubric of
communibiology focused on communicator traits. Beatty, McCroskey, and Heisel (1998)
reconceptualized the communication apprehension construct to reflect the research
literatures in behavioral genetics, temperament, and cognitive neuroscience which had
accumulated since the construct’s initial introduction to the discipline (McCroskey,
1978). Working from Gray’s (1991) three-component neurobiological model of
temperament, Beatty, McCroskey, and Heisel theoretically mapped the neurobiology of
communication apprehension.
According to Gray (1991) three interconnected neurobiological systems account for
temperament, the behavioral activation system (BAS), the behavioral inhibition system,
(BIS), and the fight or flight system (FFS). The BAS energizes goal-directed behavior.
Anatomically, the BAS consists of “the basic nuclei, the neocortical regions connected to
it, the dopaminergic fibers that extend from the midbrain, and the thalamic nuclei”
(Beatty & McCroskey, 1998, p. 52). The BIS responds to the perception of novel stimuli
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or those associated with anticipated punishment or cessation of rewards, producing
“increased arousal as a function of its connection with the limbic system, increased
attentional focus on threatening stimuli due to anterior attention network involvement,
and cessation of contemporaneous behavior” (Beatty & McCroskey, 1998, p. 52).
According to Beatty and McCroskey (1998), the BIS system consists of the following:
…hippocampus, the subiculum, and the limbic system, which consists of
the medial wall of the limbic lobe, the olfactory cortex, the cingulate and
subcallosal qyri, and the subcortical areas of the amygdala, hypothalamus,
epithalamus, anterior thalamic nuclei and part of the basal nuclei (p. 52).
The FFS moderates the initiation of aggression or active withdrawal. The anatomical
circuitry “interconnects the basolateral and centomedial nuclei of the amygdale, the
ventromedial nucleus of the hypothalamus, the central gray region of the midbrain, and
the somatic and motor nuclei of the lower brain stem” (Beatty & McCroskey, 1998, p.
52). Beatty and McCroskey (1998) pointed out that “although humans share in common
the anatomic features of the three systems described by Gray, individual differences in
the reactivity of these structures produce individual differences in behavior” (p. 52).
Strelau (1994) observed that individual differences in neurobiological systems can take
the form of:
…sensitivity to neurons postsynaptic receptors or sensitivity in their
synoptic transmission, the amount of neurotransmitters being released,
the activity of the neural structures (including structures) to different
kinds of stimuli, all taking part in the determination of individual
differences in traits (p. 135).
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Beatty, McCroskey, and Heisel (1998) described communication apprehension as a
function of BIS and BAS sensitivity. Specifically, the more reactive or sensitive the BIS
and the less sensitive the BAS, the higher the apprehension. Although the model was
consistent with an immense body of research (see Beatty et al. 1998 for a review), it was
difficult to test. Ultimately, the model was tested using Eysenck’s self-report measures
of neuroticism and extraversion as proxy indicators of BIS and BAS reactivity. The
rationale for these particular proxy measures was based on Gray’s (1991) contention that
Eysenck’s three dimensions of personality (neuroticism, extraversion, and psychoticism)
parallel the BIS, BAS, and FFS. As Gray put it, “temperament reflects parameter values”
and “the major dimensions of personality…are created by individual differences in such
parameter values” (p. 23). The results of Beatty, McCroskey, and Heisel’s (1998) test
employing proxy measures of the BIS and BAS were consistent with theoretical
expectations.
Beatty and McCroskey (1997) conceptualized trait verbal aggressiveness as a
manifestation of reactive FFS and BAS relative to BIS functioning. A later study using
self-report proxy measures provided considerable support for the model (Valencic et al.,
1998).
More recent theory and research. Communibiological research focused exclusively
on BIS, BAS, and FFS neurobiological circuitry principally because Gray (1991)
proposed them as neurological substrates of temperament and Beatty and his colleagues
reconceptualized communicator traits in terms of temperament. A temperament-based
paradigm worked reasonably well for traits with a strong emotional base because the
overwhelming majority of BIS, BAS, FFS circuitry is comprised of subcortical brain
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regions, which are more associated with affective than cognitive functioning. For
instance, as recently as five years ago researchers successfully accounted for appreciable
portions of variance in observable verbal aggressiveness and interpersonal affiliation
using extraversion and neuroticism as proxy measures for the BAS and BIS
neurobiological circuits (Heisel, La France, & Beatty, 2003). In the past two years,
however, communication researchers have turned their attention to brain scanning
techniques. Moreover, focus has been shifted to cortical activity because it can provide
insight into cognitive processes that occur during social interaction. Because many of the
cognitive functions implemented by specific sites in the cortex have been documented, it
is possible to validate cognitive theories of social interaction against brain activity
(Beatty & Heisel, 2007).
In recent studies, researchers have begun to identify the specific sites activated during
particular types of communication functioning. Heisel and Beatty (2006) monitored
cortical activity while experimental participants either thought about why a friend might
refuse a request to borrow a CD or merely thought about the friend. Heisel and Beatty
found significantly greater electrical activity in orbitofrontal and dorsolateral prefrontal
cortices for participants thinking about the request refusal than for participants merely
thinking about the friend. These findings were theoretically important because studies
have shown that thoughts about the mental states of others are primarily processed in the
orbitofrontal cortex (Baron-Cohen et al., 1994) and activity in the dorsolateral cortex has
been associated with cognitive activity in response to novel challenges (D’Esposito et al.,
1995).
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In a second study, Beatty and Heisel (2007) measured electrical activity continuously
while experimental participants planned a message designed to retrieve a loan from a
friend. In one condition, experimental participants were given feedback that their
influence attempt had failed, and revised their strategies. In the other condition,
experimental participants were given positive feedback about their messages and were
simply asked to respond to the same scenario multiple times. Consistent with theoretical
expectations, Beatty and Heisel found that the level of electrical activity in the
dorsolateral prefrontal cortex while planning messages when previous efforts had failed
was significantly higher than during the initial influence attempt but that electrical
activity decreased when experimental participants were allowed to use verbal plans that
required no modification. These findings were especially significant because the
decreasing activation in the dorsolateral prefrontal cortex, which is activated when
dealing with novel tasks, documents the development of a communication routine (See
Beatty & Heisel, 2007 for a discussion of routines).
Physical reductionism and regulatory processes. The commitment to physical
reductionism has particular implications for theory development under a
communibiological paradigm. Physical reductionism is one approach to what scholars
have termed the “mind-brain” problem (Popper & Eccles, 1997), a derivative of the
duality versus monism debate regarding the “mind-body” problem. Beatty and his
colleagues (Beatty, McCroskey, & Valencic, 2001) were crystal clear about their
philosophical stance:
Our view is decidedly reductionist, holding that introspective experience
is a reflection of brain activity. The former is merely delayed in time.
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What we perceive as cognition, which includes goals, intentions, and so
forth, are to brain activity what the images on a screen while viewing a
motion picture are to a reel of film. We might become emotionally
involved in the images, we might form expectations and hopes
concerning the outcome, but those experiences cannot alter the events
unfolding on the screen (p. 73).
Physical reductionism is not merely stated as a collateral philosophical stance: It is
embedded in the basic propositions underlying communibiology. For instance, the
proposition that “communication functioning depends on brain activity” (Beatty,
McCroskey, & Valencic, 2001, p.72), by its very nature, excludes meta-physical
influences and limits communication to a prosaic source. Moreover, in earlier writing,
Beatty and McCroskey (1998) elaborate on this point, simply stating that “theoretical
speculation about thinking, feeling, and behaving during human interactions must be
consistent with knowledge regarding the brain and brain related functioning” (p. 46),
leaving no room for hypothetical constructs that are not traceable to neurobiological
signatures. In a more explicit statement that excludes meta-physical explanatory states of
consciousness, Beatty, McCroskey, and Pence (in press) revised the propositions
regarding the dependence of communication functioning on brain activity to read “all
mental processes involved in social interaction and reducible to brain activity.”
Beatty and his colleagues (Beatty, McCroskey, & Valencic, 2001) argue that a
physical reductionist position, while widely held by theorists working in the area of brain
behavior and social behavior (e.g., Clark, 2005; Davidson, 2000; Pinker, 1997; Tooby &
Cosmides, 2000; Wilson, 1998), is not universally accepted by many in the behavioral

ASYMMETRY AND REGULATION 16
and social sciences. Indeed, within the “mind-brain” dialogue, two alternatives,
mentalism and interactionism are implicit in the work of many humanistic oriented
scholars (Beatty, McCroskey, & Valencic, 2001). Beatty, McCroskey, and Valencic
(2001) describe those two standpoints:
The mentalist approach adopts philosophical dualism, positing that the
conscious mind exists outside the brain (Popper & Eccles, 1977). This
was the stance argued by Descartes. Accordingly, the mind gives
directions to the brain. The interactionist position, also founded in
dualism, holds that the mind and brain cooperate in the production of
activity. Both alternatives to our position on the matter require that an
outside agency or entity be posited. So, an initial question concerns
the evidence for such an entity. Also, where does the entity reside and
of what is it made? If the conscious mind and the brain are separate,
through what mechanism do they interact? (p. 73)
Pinker (2002) makes the point that advocates of the mentalist and interactionist
positions are identifiable by arguments that “we” can decide not to act in certain ways in
spite of our genetic or evolutionary inheritance. In a manner similar to Beatty and
McCroskey’s position regarding meta-physical forces, Pinker (2002) was unclear about
what the “we” referred to if not the production of a neurological circuit that gives rise to
self-awareness.
In spite of the empirical conundrums underlying mentalist and interactionist
perspectives, their attraction is that they provide a sense of understanding- an often cited
criterion of good theory (Reynolds, 1971)- regarding regulatory processes, as well as
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possible ideological appeal (e.g., empowering human beings). Both mentalism and
interactionism posit a force that intervenes and can redirect brain activity and can be
marshaled as an explanation for human conduct that is not yet explained by scientific
data.
Physical reductionism requires that not only are mental processes involved in social
interaction reducible to brain activity but that the brain activity underlying mental process
can be explained in terms of other brain activity. At the abstract level, Beatty and
colleagues (2001) argued that:
…an individual’s neurobiological program consisting of selective
monitoring of the environment, thresholds for initiating molar behavioral
responses, and reflection on the consequences of actions, are principally
inborn. The “agent” of action consists of neurobiological manifestations
of evolutionary imperatives, fitted to the individual’s temperament (p. 74).
The prominent sociobiological theorist, Edward O. Wilson (1998) made a similar
proposal, but both Beatty et al.’s position and Wilson’s are highly abstract.
Several theorists have argued that the task for reductionist approaches to social
behavior is to isolate the specific neurobiological processes that implement regulatory
pressures as well as those responsible for impulses (Beatty & Lewis, in press; Clark,
2005; Davidson, 2000; Wilson, 1998; Tooby and Cosmides, 2000). Although a great
deal is known about where mental processes are implemented once systems are activated
(For a review of mental processes related to social interaction and communicator traits
see Beatty & Heisel, 2007; Beatty & Lewis, in press; Beatty, McCroskey, & Heisel,
1998; Beatty, McCroskey, & Valencic, 2001; Heisel & Beatty, 2006), regulatory
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processes that influence whether systems are activated or suppressed are comparatively
understudied in communication research. However, a huge and growing body of research
and theory examining the neurobiological regulation of emotional expression and
behavior has accumulated across a variety of fields.
Prefrontal Cortex Asymmetry and Self-Regulation
A considerable amount of research indicates that executive functions take place in the
prefrontal cortex (D’Esposito et al., 1995; Fuster, 1999; Tanji & Hushi, 2001). Indeed,
Tanji and Hoshi (2001) pointed out that “generating purposeful action is the cardinal
aspect of the cognitive functions of the prefrontal cortex (PFC)” (p. 164). Moreover,
neuroscientists are beginning to identify sites in the PFC that implement specific sets of
cognitive functions. For instance, conscious reflection on the possible consequences of a
course of action have been linked to prefrontal orbital and ventromedial PFC activation
(Bachara, Tranel, & Damasio, 1996), understanding how a plan of action might proceed
is also associated with the ventromedial PFC (Damasio, 1995) and downloading episodic
memory is associated with the right anterior cortex (Buckner, 2000). However, a sizeable
corpus of research (for reviews of this research, see Cacioppo, 2004; Coan & Allen,
2004; Davidson, 1995, 2000; Fox, 1994) has been published which indicates that an
individual’s ability to regulate emotional responses to social stimuli and to control
behavioral impulses depends in part on the degree of symmetry in basal level activation
of the left and right frontal (anterior) PFC: The greater the symmetry, the greater the
ability to self-regulate. The overwhelming majority of studies measure electrical activity
in the alpha range using electroencephalographs. Asymmetry is most often operationally
defined as the differences between activity levels in the left and right anterior PFC. In
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general, deficits in self-regulation are more likely when right anterior activation is greater
than left anterior activation because right anterior PFC is associated with emotional
reactivity (Davidson, 2000).
A literature search (which is discussed in detail in Chapter 2) turned up over 300
published articles and book chapters dedicated to PFC asymmetry and various outcome
variables. Of those published research pieces, a huge number focused on asymmetry and
self-regulatory problems that can be classified as mental or behavioral disorders. Within
this subgroup of articles and chapters, researchers studied asymmetry and panic disorders
(Wiedemann et al., 1999), autism (Stroganova et al., 2007), mood and general affect
(Harmon-Jones & Allen, 1997; Papousek & Shulter, 2002; Rosenfeld et al., 1996; Urry et
al., 2004), and clinical depression (Allen, Urry, Hitt, & Coan, 2004; Baehr, Rosenfeld,
Baehr, & Earnest, 1998; Blackhart, Minnix, & Kline, 2006; Bruder et al., 2001;
Davidson, Schaffer, & Saron, 1985; Dawson et al., 1992, 1997, 1999; Dawson,
Panagiotides, Klinger, & Spieker, 1997; Debenor et al., 2000; Field, Fox, Pickens, &
Nawrocki, 1998; Field et al., 2000; Forbes et al., 2006; Gilbert et al., 1999; Gilbert,
Meliska, Welser, & Estes, 1994; Gotlib, Ranganath, & Rosenfield, 1998; Harmon-Jones
et al., 2002; Henriques & Davidson, 1990, 1991; Jones, Field, Davalos, & Pickens, 1997;
Jones et al., 1997, 1998; Kentgen et al., 2000; Lewis, Weeks, & Wang, 2007; Minnix et
al., 2004; Miller et al., 2002; Posthuma, Boomsma, & De Geus, 2007). A handful of
other asymmetry studies focused on outcomes such as creative thinking (Molle et al.,
1999), meditation states (Davidson, 2004; Travis & Arenander, 2004), motor responses
(Miller & Tomarken, 2001), and infant reactions to maternal separation (Davidson &
Fox, 1989; Fox & Davidson, 1987).
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The Present Study
Over forty studies focused on traits, behaviors, and processes that are of interest to
communication researchers, especially those taking a biological perspective on social
interaction (The criteria for selecting these studies are described in Chapter 2).
Furthermore, the specific studies along with relevant data are presented in Chapter 3.
However, these studies have not been summarized. A quantitative review summary in
the form of meta-analysis would provide an estimate of the average magnitude of
association between PFC asymmetry and the outcome variables and an estimate of the
robustness of the observed effect (Hunter & Schmidt, 2004). In light of the overlap
between the constructs contained in the study sample and those examined by
communication researchers, the results of a meta-analysis would provide insight about
the potential of PFC asymmetry as a neurobiological substrate of self-regulation in social
contexts. This would constitute valuable guidance to theorists and researchers prior to
designing studies and investing considerable resources into conducting them.
The rationale for the present study was framed within a communibiology paradigm.
Developments in the communibiological paradigm have particular conceptual
implications for analytic discussions regarding data analysis. Psychologists interested in
cerebral asymmetry as a substrate for mental processes have argued that research and
theory would profit by moving from the simple analysis or correlational relationship to
positing causal processes (see, for example, Cacioppo, 2004; Coan & Allen, 2006).
Importantly, a clearly articulated, albeit evolving, causal model depicting the temporal
order of constructs has appeared in the communibiological literature for nearly a decade.
The most recent model depicts one causal chain in which the relationship between
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neurobiological functioning (e.g., PFC asymmetry) and communicator traits and behavior
(e.g., shyness or verbal aggression) is mediated by dimensions of temperament or
personality (Beatty, 2005). For example, the model suggests that neurobiological
functioning leads to temperamental characteristics (such as negative affectivity or
neuroticism) which in turn leads to an associated trait such as shyness or verbal
aggressiveness.
Among the empirical implications of a mediated model is that the correlation between
neurobiological functioning and communication functioning should be equal to the
product of the neurobiological functioning/temperament correlation and the
temperament/communication functioning correlation (Beatty, 2005). In terms of the
present study, the relative effect sizes for studies focused on temperament or personality
variables and those for communication-related studies might be especially illuminating
with respect to the mediated model advanced in the communibiological literature. If the
mediated chain is correct, the average effect size for PFC asymmetry/temperament
studies should be larger than the average effect for the asymmetry/communication
studies. Therefore, in the face of possible evidence of moderator variables, a
theoretically-driven moderator search would strongly suggest a temperament/personality
versus communication-related variables focus.
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CHAPTER 2
Method

Conducting meta-analysis involves (1) identification of a sample of studies, (2)
selection of studies for analysis based on a set of conceptually driven criteria, and (3)
specification of an analytic model (Hunter & Schmidt, 2004). In general, the metaanalytic procedures in the present study were patterned after previous meta-analyses of
research domains consisting of traits, social behaviors, and cognitive and affective
process (Beatty et al., 2002; La France, Heisel, & Beatty, 2004).
Identification of Studies
The literature search consisted of three steps. First, an electronic search of
PsychINFO and EBSCOhost databases was conducted. In order to complete an
exhaustive search of the published work involving asymmetry and variables of interest,
(1) a broad search base on keywords such as “EEG,” “electroencephalograph,”
“prefrontal cortex,” “anterior cortex,” “personality,” and “behavior,” and (2) a narrow
search using “neuroticism,” “extraversion,” “facial expression,” “shyness,” “anxiety,”
“prefrontal asymmetry” and “anterior prefrontal cortex asymmetry” were executed.
Second, reference lists from literature reviews and recently published asymmetry studies
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were reviewed and a list of published studies not appearing in electronic searches was
compiled. Third, a list of journals that have published studies of asymmetry was
compiled and the journals were searched for asymmetry studies not detected though
either the electronic or reference list searches.
Selection of Studies
Overall, the search uncovered over 300 citations. Although the search was highly
rigorous, yielding many duplications, many of the studies were not relevant to the present
study. Even after duplications were eliminated, many studies remained irrelevant to the
present study (although they are included in the reference list). The pool of articles and
chapters were pruned in the following five ways. First, review essays, methodological
discussions, editorials, and other essays that did not contain original data, or contained
insufficient results for calculating effect sizes (e.g., merely reported “ns” for nonsignificant findings or merely reported p <. 05 for significant findings without
accompanying test statistics or means and standard deviations) were eliminated. Second,
articles that focused on mental or behavioral disorders or employed samples classified as
suffering from personality or behavioral disorders were removed because these samples
often are medicated and/or classified as displaying abnormal brain functioning. Third,
studies in which asymmetry in areas of the brain other than the anterior area in the PFC
(e.g., parietal) were eliminated. Fourth, because the purpose of this study was to examine
resting asymmetry as an explanatory variable, studies in which experimental stimuli were
used in an attempt to induce asymmetry rather than examine resting asymmetry as an
independent variable were deleted. Fifth, the remaining studies were examined for
relevance to the goals of the present study. Specifically, studies kept examined the
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empirical relationship between asymmetric PFC functioning and (1) variables included in
studies published in communication journals, (2) variables included in review pieces
published in major reference texts in communication (e.g., Handbook of Interpersonal
Communication) and (3) variables included in communibiological models of traits, social
behavior, and receiver processes. All others were discarded. The results of this
procedure yielded 21 studies for analysis.
Analytical Model
The meta-analysis was conducted following the procedures described by Hunter and
Schmidt (2004). Hunter and Schmidt’s method assumes a random effects, rather than a
fixed effect, statistical model. A random effects model was most appropriate for the
present study because the assumptions of a fixed effects model would be inconsistent
with the theoretical assumptions of the present study. For example, a fixed effects model
assumes homogeneity of effects (i.e., r’s) across studies (Hedges & Vevea, 1998).
However, the rationale for the present study makes it clear that moderators are likely. In
addition, Hedges and Vevea (1998) argued that “the analyst may wish to make a different
kind of inference, on that embodies an explicit generalization beyond the observed
studies” (p. 487). In such cases, “Random-effects analysis procedures are designed to
facilitate unconditional inferences” (p. 487). Ultimately, the object is to make inferences
about the general relationship between left and right anterior power and communication
or personality variables that would apply to studies not specifically included in this study.
For both reasons, therefore, a random effects model seemed most appropriate.
Research indicates that Hunter & Schmidt’s approach to estimating the sources of
variance across a body of studies is the most accurate of the major approaches to meta-
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analysis, especially when the number of studies is less than 70 (as it is in the present
study) and the sample sizes per study are less than 100 (as they are in the present study)
(Sackett, Harris, & Orr, 1986). The theoretical importance of communication variables
versus temperament/personality as a potential moderator of asymmetry effects resides in
the fact that “the Schmidt-Hunter procedure has a much higher likelihood of detecting
moderator variables” (Sackett et al., p. 310).
A second major reason for choosing Hunter and Schmidt’s approach as the analytical
model is that Hunter and Schmidt proposed the “most elaborate set of adjustments”
(Rosenthal, 1991, p. 24) for correcting artifacts. A scan of the studies meta-analyzed in
the present study showed that adjustments pertaining to measurement error and
dichotomization of continuous measures would be required to put the effect sizes on a
common metric (the details of these adjustments will be presented below). While one use
of meta-analysis is to describe the state of the literature, some methodologists have
argued that the best use of meta-analysis is to estimate the degree and nature of
relationships not merely among measures, but of the underlying theoretical constructs as
well. As Hunter & Schmidt put it, “the purpose is to estimate as accurately as possible
the construct-level relationships in the population” (p. 462). Hunter and Schmidt attempt
to uncover construct-level relationships by estimating “what research findings would
have been had it been possible to conduct studies without methodological flaws” (p. 464).
This is an ideal, of course, since it is not possible to make adjustments for every
methodological flaw in a group of studies, especially when reports do not contain enough
information to discover a flaw. However, Hunter and Schmidt argue that making the
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corrections that can be made produces a cleaner picture of the true relationships than
making no adjustments at all.
Unit of analysis. Following Hunter and Schmidt’s (2004) recommendation, Pearson’s
r was employed as the basic unit of analysis. In addition to the preference for correlation
coefficients as the units of analysis expressed by Hunter and Schmidt (2004), Rosenthal
(1991) for that matter, the correlation coefficient is especially appropriate in the present
study given its theoretical framework. The present study was anchored in the
communibiological paradigm and was undertaken to assess the predictive power of
prefrontal asymmetry with respect to temperamental and communication-related
variables. In laying out the foundation for the communibiological paradigm, Beatty and
McCroskey (1998, p. 44) explicitly established the correlation coefficient as the preferred
measure of effect for assessing predictive power. Furthermore, Beatty and McCroskey
adopted Guilford’s (1956) scheme for interpreting correlations (i.e., almost negligible
<.20; low, .20-.40; moderate, .40-.70; high, .70-.90; very high >.90). Indeed, this
interpretive framework can be seen in Beatty’s (2005) mediated effects model, mentioned
earlier, meta-analyses conducted within the communibiological literature (e.g., Beatty et
al., 2002) and Beatty’s (2002) general scholarship regarding appropriate measures of
effect. Therefore, the convention of using and interpreting the correlation coefficient as a
measure of effect, which has been established in the communibiological literature, was
followed in the present study.
Effect sizes other than r, were converted to r and correlation coefficients were
calculated for studies in which effect sizes were not reported. In the present data set,
studies not reporting correlations, reported either t or F tests statistics. These were
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converted to correlation coefficients employing the following formula (Rosenthal, 1991,
p. 19): r equals the square root of t- squared/t-squared plus N minus 2, where F equals tsquared.
Correcting effects for measurement error. Measurement error reduces the observed
correlation between two variables in a systematic way: The correlation between two
variables cannot exceed the square root of the products of the reliability coefficients for
those variables (Hunter and Schmidt, 2004). Therefore, even if the true correlation at the
construct level is 1.00 (perfect), in a study in which the reliabilities of the two measures
were .60 each, the observed correlation between the variables could not exceed .60.
Hunter and Schmidt apply the correction for attenuation, which consists of dividing the
observed correlation by the square root of the reliability coefficients. In addition to
estimating the degree of relationship between the two constructs, absent measurement
error, correcting for attenuation removes the variance among study results, due to
different levels of measurement error among studies. Unless variance among study
results, such as correlations, due to measurement error is removed, it can be mistaken as
variance due to moderator variables.
In the present study, correlations between PFC asymmetry and dependent variables
were corrected for attenuation. A review of the selected studies for analysis in the
present study indicated that reliability coefficients were not reported in nine of the studies
(the specific studies are identified in Chapter 3). Based on the proposition that a
correction for measurement error based on an approximation of the missing reliability
coefficient is preferable to no correction, reliability coefficients were estimated for
studies with missing variables by searching the references cited in the research report as
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the source for the measure or procedure. For example, Schmidt (1998) reported no
reliability coefficients for the measures of shyness and sociability but did cite Cheek and
Buss (1981) as the source of the measures. Thus, the reliability coefficients cited by
Cheek and Buss were employed in the correction of attenuation procedures for Schmidt’s
results.
Hunter and Schmidt recommend correcting observed effect sizes for attenuation due to
both variables. Unfortunately, however, reliability coefficients for PFC asymmetry
scores were reported in only three studies (Blackhart & Kline, 2005; Fox et al., 1995;
Wheeler et al., 1993). The decision not to correct asymmetry scores for attenuation was
made because the available data indicate that to do so would likely obscure the
relationship between PFC asymmetry and other variables for the following reasons. First,
while the reliability estimates reported were quite low (i.e., the alpha reliability
coefficients ranged from .43 to .57 in Blackhart & Kline, was .70 in Fox et al. and the
test-retest reliability coefficient was .66 in Wheeler et al., 1993), other researchers
describing the psychometric characteristics of PFC asymmetry scores in general have
reported that “coefficient alphas were quite high, with all values exceeding .85, indicating
that the electrophysical measures of asymmetric activation showed excellent internal
consistency” (Davidson, 2000, p. 1153). If, in fact, coefficient alpha is greater than .85 in
all studies, corrections based on the square root reliability coefficients greater than .85
would have little effect on correlations. However, Blackhart and Kline’s report stands in
contrast to Davidson’s findings with a range of .43 to .85, it is unclear as to what estimate
should be employed as a proxy for the actual reliability of the study data. Blackhart and
Kline’s estimate would greatly inflate the estimate of the true relationship between
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asymmetry and other variables. On the other hand, estimates such as those reported by
Davidson would effect little change. Furthermore, while applying a single estimate of
reliability to the set of studies would increase the magnitude of the correlations, variance
among study results that is actually due to variance in measurement error from one study
to another would not be eliminated because such a procedure treats measurement error as
uniform across studies.
Correcting for effects due to dichotomization. Sorting participants into “high” and
“low” groups on the basis of their scores on a measure (i.e., dichotomizing) and
statistically treating the groups as conditions or treatments results in different effect sizes
than using the actual score on a measure as the variable. Cohen (1990) referred to
dichotomizing continuous measures as “mutilating the variable” (p. 1306). In spite of the
distortion of effects produced by dichotomization, it is still widely used among
researchers (MaCallum, Zhang, Preacher, & Rucker, 2002).
Dichotomization can either attenuate or inflate the effect size, depending on whether
the researchers use all of the data in their analysis. If researchers perform a median-split,
assigning participants above the median to the “high” category and participants below the
median to the “low” category, the effect size will be attenuated. If, on the other hand, the
researchers assigned the upper ten percent to the “high” category and the bottom ten
percent to the “low” category and omitted everyone in between from the analysis, the
effect size will be artificially inflated (Hunter & Schmidt, 2004, pp. 36-39). In the set of
studies to be meta-analyzed, dichotomization of continuous variables occurred in five
studies, three performed median splits and two discarded midrange scorers (specific
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studies are identified in Chapter 3). Hunter and Schmidt’s (2004, pp. 36-39) procedures
for correcting the effects of both types of dichotomization were followed.
Examining multiple effects. Nine studies reported two effects that were relevant to the
present study. These studies are identified in Chapter 3 (Table 1 and 2). There are four
general approaches to handling multiple effects (Hunter and Schmidt, 2004). First, if
appropriate, the mean of the effects can be used. However, in the present data set, the
mean correlation between variables such as behavioral inhibition system sensitivity and
behavioral activation sensitivity would make little sense, especially if PFC asymmetry
affects one but not the other. Second, if variables are intercorrelated, and the correlations
are available, a composite variable can be constructed and treated as a single effect.
However, the necessary data were not available in most studies. Third, if there are
sufficient studies reporting effects for the same variables examined in studies reporting
multiple effects, meta-analysis can be conducted separately for batches of variables
including only one variable per meta-analyses from multiple effect studies. In the present
study, however, in some cases the only reported effect for a variable is from a multiple
effects report and the number of studies with common variables was quite low (see Table
1, Chapter 3). Finally, each effect can be treated statistically as a separate study.
Certainly, this is the simplest approach and has been employed in our discipline (e.g.,
Beatty et al., 2002; La France et al., 2004). This approach violates the independence
assumption if significance levels are employed as the unit of analysis (Rosenthal, 1984).
However, Rosenthal (1984) notes critics “have confused the effect of nonindependence
on significance testing with its effect on effect size estimation” (p. 27). Although, in
general, treating multiple effects as independent is not Rosenthal’s preferred approach,
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statistically speaking, “there is certainly nothing wrong with doing so” (p. 27). In the
present study, each effect or correlation was treated independently. As a consequence,
the 21 studies yielded 30 effects.
Data analysis. Conducting the meta-analysis consists of the following three steps: (1)
The average r weighted for sample size is computed, (2) the confidence interval for the
average sample weighted r is calculated and (3) the variance in r expected due to
sampling error is calculated. If the variance in r exceeds that expected due to sampling
error, a moderator search is conducted. Moderators are factors responsible for
differences or variance in the average r’s for clusters of studies. For example, if
communication studies versus temperament/personality studies were a moderator as
suggested in Chapter 1, meta-analyzing each set separately should result in variances in
the correlations that are solely due to sample error, unless a second moderator exists
within one of the cluster of studies (Hunter & Schmidt, 2004). The fewer the moderators,
the more robust or generalizable the average r for the sample.
Because asymmetric functioning of the PFC is associated with what might be
described as personally and socially problematic outcomes such as anxiety and
aggression but symmetry tends to be associated with more positive and prosocial
outcomes such as social competence and sociability, the direction of the correlations
depend on the direction the communication and temperament variables are scored.
Therefore, both positive and negative correlations can be consistent with the hypothesis
depending on the variables predicted by asymmetry. Although negative correlations
presented in tables include signs, the absolute value of correlations that were consistent
with hypotheses were used for the purpose of meta-analysis.
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CHAPTER 3
Results

The studies analyzed the variable associated with PFC asymmetry in each study, the
effects expressed as correlation coefficients, sample size, gender and age composition of
each sample, and reliability coefficients for each criterion variable are reported in Table
1.
Table 1
Studies, variables, uncorrected r’s, sample size and composition, and reliability
coefficients organized by moderator cluster.

Studies

Variable

r

N

Sample

Reliability

.26

64

Female

.85

Communication Studies
Blackhart &

Defensiveness

Kline, 2005
Fox et al.,

Adults
Social

-.47

48

Male/Female

.85*
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1995

Competence

Harmon-

Verbal

Jones &

Aggression

Children
.28

26

Male/Female

.76

Children

Allen, 1998
Harmon-

Aggressive

Jones &

Response

Siegelman,

Insult

.60

42

Male Adults

.91

.40

97

Male/Female

.90*

to

2001
Henderson

Wariness

et al., 2001
Kline et al.,

Children
Defensiveness

-.40

25

Male Adults

.85*

Defensiveness

.30

60

Female

.85*

1998

Adults
Kline et al.,

Defensiveness

.22

42

2001

Female

.85*

Adults

Sabbagh &

Perspective-

Flynn, 2006

Taking

Schmidt,

Sociability

-.49

23

-

.85*

-.52

40

Female

.70*

1999

Adults
Shyness

.59

40

Female

.79*

Adults
Schmidt &

Sociability

-.48

20

Female

.70*
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Fox, 1994

Adults

Temperament/Personality
Coan

& BAS

-.44

32

Allen, 2003

Male/Female

.83

Adults
BIS

.17

32

Male/Female

.75

Adults
Tomarken et Positive
al., 1992

-.20

84

Affect
Negative

Extraversion

.88

Adults
-.14

84

Affect
Fink, 2005

Female

Female

.87

Adults
-.26

66

Male/Female

.82*

Adults
Hagemann

Positive

et al., 2005

Affect
Negative

-.23

61

Positive

et al., 1998

Affect
Negative

-.06

61

2006

Male/Female

.88

Adults
.19

37

Male/Female

.88

Adults
.03

37

Affect
Hewig et al., BAS

.74

Adults

Affect
Hagemann

Male/Female

Male/Female

.87

Adults
-.25

59

Male/Female
Adults

.85
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BIS

-.01

59

Male/Female

.88

Adults
Minnix

& Neuroticism

.23

72

Kline, 2004
Sobatka

.85

Adults

et Reward

-.68

15

al., 1992
Sutton

Male/Female

Male/Female

.85*

Adults
& BAS

-.40

34

Davidson,

Male/Female

.85

Adults

1997
BIS

.41

34

Male/Female

.75

Adults
Tomarken & Anxiety

.26

87

Davidson,

Female

.89

Adults

1994
Wheeler
al., 1993

et Positive

-.45

81

Affect
Negative
Affect

*proxy reliability estimates

Female

.88*

Adults
.49

81

Female
Adults

.87*
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Corrections for Artifacts
Dichotomization of categorical variables. In three studies, continuous measures of
defensiveness (Kline et al., 2001), extraversion (Fink, 2005) and neuroticism (Minnix &
Kline, 2004) were split at the medium and all participants were assigned to either high or
low groups and the data were analyzed via Analysis of Variance or t-test. The effects for
these studies were corrected for bias due to dichotomization of a continuous variable
were increased from .22 to .25 for defensiveness, -.26 to -.33 for extraversion, and from
.23 to .29 for neuroticism. Two studies selected participants for high and low groups on
the bases of extreme scores, excluding midrange scorers from the tests of hypotheses.
Specifically, L. Schmidt and Fox (1994) compared the upper and lower 10% of scores on
sociability in their analysis. As discussed in Chapter 2, selecting only extreme scores for
difference tests artificially inflates the observed effect size (Hunter & Schmidt, 2004, p.
38). Correcting the effect for this treatment reduced the reported correlation from -.48 to
-.33. In a later study, L. Schmidt (1999) repeated the error, which affected two effects,
one for sociability (r= -.52) and another for shyness (r= .59). Correcting the effects for
this artifact yielded correlations of -.37 for sociability and .43 for shyness.
Correction for measurement error. The mean reliability coefficient for the 30 effects
was .835, making the average correction (i.e., .913) quite modest. The mean reliability
coefficient for the studies in which reliabilities were reported was .84 compared to .82 for
the proxy reliabilities estimated on the bases of other research. Because the correction
for attenuation is based on the square root of the reliability coefficient, there was little
difference in the amount of correction for studies in which reliabilities were reported
(mean root of reliability= .91) and the

proxy reliability estimates (mean root of
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reliability= .92). Therefore, the corrections based on the proxy estimates were quite
similar to the corrections derived from calculated reliabilities. Table 2 presents the same
information and data as Table 1, except correlations corrected for dichotomization and
measurement error are reported, instead of raw correlation coefficients.
Table 2
Studies, variables, corrected r, N organized by moderator variables.

Study

Variable

Rc

N

Sample

.28

64

Female Adults

-.51

48

Male/Female

Communication Studies
Blackhart

& Defensiveness

Kline, 2005
Fox et al., 1995

Social
Competence

Harmon-Jones

Verbal

& Allen, 1998

Aggression

Harmon-Jones

Aggressive

&

Sigelman, Response

2001

Children
.24

26

Children
.63

42

Male Adults

.44

97

Male/Female

to

Insult

Henderson

et Wariness

al., 2001
Kline

Male/Female

et

Children
al., Defensiveness

-.43

25

Male Adults
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1998

Kline

et

Defensiveness

.33

60

Female Adults

al., Defensiveness

.27

42

Female Adults

& Perspective-

-.53

23

-

2001
Sabbagh
Flynn, 2006

Taking

Schmidt, 1999

Sociability

-.44

40

Female Adults

Shyness

.48

40

Female Adults

-.39

20

Female Adults

-.48

32

Male/Female

Schmidt & Fox, Sociability
1994

Temperament/Personality
Coan & Allen, BAS
2003

Adults
BIS

.20

32

Male/Female
Adults

Tomarken

et Positive Affect

-.21

84

Female Adults

Negative Affect -.14

84

Female Adults

Extraversion

66

Male/Female

al., 1992

Fink, 2005

-.36

Adults
Hagemann
al., 2005

et Positive Affect

-.36

61

Male/Female
Adults
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Negative Affect -.06

61

Male/Female
Adults

Hagemann

et Positive Affect

.20

37

al., 1998

Male/Female
Adults

Negative Affect .03

37

Male/Female
Adults

Hewig et al., BAS

-.27

59

2006

Male/Female
Adults

BIS

-.01

59

Male/Female
Adults

Minnix

& Neuroticism

.32

72

Kline, 2004

Adults

Sobatka et al., Reward

-.74

15

1992
Sutton

Male/Female

Male/Female
Adults

& BAS

-.43

34

Davidson, 1997

Male/Female
Adults

BIS

.47

34

Male/Female
Adults

Tomarken

& Anxiety

.27

87

Female Adults

-.48

81

Female Adults

81

Female Adults

Davidson, 1994
Wheeler et al., Positive Affect
1993
Negative Affect .50
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Overall Analysis
The results of psychometric meta-analysis, based on a random effects model (Hunter
& Schmidt, 2004) conducted on sample weighted correlation coefficients that had been
corrected for dichotomization and attenuation due to measurement error revealed a mean
r of .327 (N= 1543, K= 30, 95% CI= .277-.377), where N equals the total sample size for
the meta-analysis, K equals the number of effects, and CI represents the 95% confidence
interval. Although 69.56% of the variance in r (sr2= .023) was attributed to sampling
error (Se2= .016) alone, 30.44% of the variance was unexplained. Hunter and Schmidt
(2004) recommended that moderator searches should be conducted whenever the
variance unexplained after controlling for artifacts is greater than 25%. Hunter and
Schmidt (2004) refer to this recommendation as the “75% rule.” As they put it:
If 75% or more of the variance is due to artifacts, we conclude that all of
it is, on the grounds that the remaining 25% is likely to be due to
artifacts for which no corrections has been made (p. 401).
Hunter and Schmidt admit that “the 75% rule is not a statistical test, but rather a
simple ‘rule of thumb’ decision rule” (p. 401). However, Sackett, Harris, and Orr (1986)
found in a simulation study that the 75% rule resulted in outcomes that were superior to
the other methods in detecting variation in r, especially when the number of studies was
not large (i.e., fewer than 64) and the average sample size was relatively small (i.e., 50 to
100). Both the number of studies (21) and the sample sizes of those studies (15 to 97)
were in the range for which the 75% rule was superior to other approaches.
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Moderator Search
In part, the rationale for the present study was based on the conceptual distinction
between dimensions of temperament/personality and variables specifically aligned with
social interaction. As the brief overview of Beatty’s (2005) mediated-effects model
illustrated, the average effect for the asymmetry-temperament relationship should be
larger than the asymmetry-communication variable relationship because, according to the
model, the effect of PFC asymmetry is mediated by temperament. Within the context of
meta-analysis, whether the variable is related to temperament or communication should
constitute a moderator.
The ten studies sorted into the communication sample included the following
variables: shyness, verbal aggressiveness, responses to insults, sociability, defensiveness,
social competence and perspective-taking in response to facial expressions. Two studies
(Kline et al., 1998; Schmidt, 1999) reported two effects. Therefore, K= 12 for this
cluster. Eleven studies were classified as temperament/personality in focus. Variables
associated with PFC asymmetry in these studies were indices of the behavioral inhibition
and behavioral activation system sensitivity (specifically emphasized in
communibiology), neuroticism, extraversion, response to reward, and anxiety (also
emphasized by Beatty, McCroskey, & Valencic, 2001), and two temperament
dimensions, positive and negative affective style. Seven of those studies reported two
effects (Coan & Allen, 2003; Hagemann et al., 1998, 2005; Hewig et al., 2006; Sutton &
Davidson, 1997; Tomarken et al., 1992; Wheeler et al., 1993).
A meta-analysis conducted on only the communication cluster indicated that sampling
error accounted for all of the variance in r. The mean correlation coefficient for the
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communication cluster was .410 (N= 527, K= 12, 95% CI = .32 to .50). Sampling error
variance (Se2= .016) accounted for 100% of the variance in r (Sr2= .012). In an attempt
to discover whether the unexplained variance observed in r during the overall metaanalysis was attributable to the moderator, a meta-analysis was also conducted on the
temperament/personality cluster. The mean r for this cluster was .284 (N= 1016, K= 18,
95% CI= .224-.344). Sampling error (Se2= .015) accounted for 57.69% in variance in r
(Sr2= .026), falling short of the 75% benchmark.
An inspection of Table 2 indicated that the effects that most obviously are inconsistent
with the pattern of correlations were those pertaining to BIS indices and negative
affectivity then those seven effects were removed from the temperament/personality
cluster, all of the variance in r (Sr2= .013) was attributable to sampling error (Se2=.014).
Mean r was .33 (N= 628, K=11, 95% CI= .25-.41).

However, the meta-analysis

performed on the BIS/negative affective style cluster, left 54.05% of the variance
unexplained (mean r = .21, N= 388, K=7, 95% CI= .11-.30; Sr2= .037, Se2= .017).
Unfortunately, further exploration into the possible source of variation in the
BIS/negative affectivity subgroup was beyond the scope of the present data because the
identifiable moderators (sample composition and variable) were distributed across the
effects contributing to the variation.
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A summary of the overall meta-analysis and the moderator searches is presented in Table
3.
Table 3
Summary of overall meta-analysis

Analysis

r

Sr2

Se2

N

K

Variation
Explained

Overall

.327

.023

.016

1543

30

69.56%

.410

.012

.016

527

12

100%

.284

.026

.015

1016

18

57.69%

.330

.013

.014

628

11

100%

Negative .210

.037

.017

388

7

45.95%

meta-analysis
Communication
Only
Temperament/
personality
Temperament/
personality (BIS,
Negative
Affectivity
removed)
BIS,

Affectivity Only
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CHAPTER 4
Discussion

Overview
The present study was undertaken to provide a quantitative summary of the literature
pertaining to the relationship between PFC asymmetry and two general sets of variables,
one related to communication and the other related to temperament and personality. In
addition to synthesizing the studies, a psychometric meta-analysis (Hunter & Schmidt,
2004) was conducted to glimpse the relationships between the underlying constructs.
Specifically, correlations that had been corrected for attenuation, and in some cases for
dichotomization, were employed as the unit of analysis. In the meta-analysis, the mean
correlation (weighted for sample size), its 95% confidence interval, variance, and
variance expected due to sampling error alone were computed.
A meta-analysis conducted on the entire sample provided a mean correlation of .33.
The calculation of the variance in the correlations and the sampling error variance
indicated the possible presence of at least one moderator variable. Guided by the
mediated effects model posited first by Beatty (2005) and again by Beatty, McCroskey,
and Pence (in press), the category of variable (communication versus
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temperament/personality) was probed as a potential moderator of asymmetric PFC
functioning. According to the model, the degree of symmetry/asymmetry in PFC
functioning should lead to particular temperamental traits, which in turn, should lead to
particular communication patterns. Not only should category of variable function as a
moderator variable, but the specific pattern of results is dictated by the theoretical model:
The mean correlation for temperament/personality construct should be larger than the
mean correlation for communication-related variables.
When the cluster of studies focused on the communication-related constructs (shyness,
verbal aggressiveness, etc.) was meta-analyzed, a somewhat larger mean correlation (r=
.410) emerged. Moreover, inspection of the variance calculations revealed that after the
artifactual influences of measurement error, dichotomization, and sample size were
removed, all of the variance among the studies was attributable to sampling error.
Therefore, the relationship between asymmetric PFC functioning and communicationrelated outcome variables is uniform across the studies of different constructs and
samples when methodological artifacts and biases are controlled.
The results of the meta-analysis performed on the temperamental personality
constructs were a lot more complicated. First, examination of the variance estimates
indicated the likely presence of a moderator variable within the cluster. Second, and
contrary to expectations, the mean correlation for the temperament/personality cluster
was lower (r = .284) than the mean correlation in the communication cluster. An
inspection of the correlations (see Table 2) within the cluster revealed correlations for
some studies of negative affectivity and self-reported BIS sensitivity that deviated
considerably from the mean correlation for the cluster. When all of the effects for those

ASYMMETRY AND REGULATION 46
constructs were removed, the mean correlation for the temperament/personality cluster
improved slightly (r = .33), but remained smaller than the correlation for the
communication constructs. However, when the negative affectivity and BIS effects were
omitted, all of the remaining variance was attributable to sampling error.
The meta-analysis conducted on the negative affectivity and BIS cluster removed from
the temperament/personality cluster indicated that sampling error also did not explain the
variance in the correlations among the studies. It was not possible, however, to identify
the moderator or moderator variables. There were moderate correlations and very small
correlations (almost .00) reported across studies for both negative affectivity and BIS
scales. Furthermore, there were significant correlations for BAS variables or positive
affectivity reported within studies reported very low correlations for negative affectivity
or BIS scales. Sample age was constant across the cluster and the sample composition
with respect to gender was distributed across the effects. It is likely that the variance in
this cluster is due to a variable or set of variables that escaped description in the research
reports, and is, therefore, beyond the scope of the present study. Overall, however, the
results of the present study have implications for theory and research.
Theoretical Implications
On one hand, the findings of the present study indicate considerable promise for
symmetry of PFC functioning as a neurobiological mechanism that contributes to the
regulation of social interaction behavior, a finding that addresses an initial impetus for the
present study. On the other hand, the pattern of findings ran counter to the theoretical
expectations based on Beatty’s (2005) mediated effects model.
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First, with respect to symmetry and regulation, the average correlation for the
communication constructs was not large but it was respectable and the correlations within
the cluster were in the theoretically expected direction. Recall, also, that the correlations
were not corrected for the attenuating effects of measurement error associated with
asymmetry scores. Although an insufficient number of studies reported reliability data
for asymmetry, two studies within the cluster did supply alpha reliability coefficients
based on multiple within-session samples of electrical activity (Blackhart & Kline, 2005;
Fox et al., 1995). Completing the correction for attenuation for the correlations
associated with these studies shows that the relationship between interpersonal
defensiveness and asymmetry is improved from .28 to .40 (Blackhart & Kline) and the
correlation between asymmetry and social competence improves from -.51 to -.61. It is
uncertain what the mean correlation for the communication-related constructs and
asymmetry might be if all the effects could have been corrected for measurement error
associated with asymmetry. The problem underscores the need for complete reporting of
information, such as reliability estimates of all variables, so that the relationships among
constructs, not merely measures, can be explored.
It is noteworthy that accounting for the variance in correlations for the communication
and temperament clusters did not required correcting the correlations for attenuation due
to measurement error in asymmetry. Although the estimate of the mean correlation for
each cluster was lower than it would have been had the corrections been made, the
variance among the studies was solely due to sampling error. While it is clear from the
reliabilities reported that there is variation in the internal consistency of asymmetry
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measurement, the variation is not large enough to result in statistically significant
variation across studies.
Second, the type of function (communication versus temperament/personality)
emerged as a moderator, but in the opposite direction predicted by Beatty (2005). The
mean correlation for communication constructs is too large relative to the correlation for
temperament/personality cluster. This difference could not be due to correcting the
correlations for attenuation because the uncorrected correlation for communication (r =
.371) is also larger than the uncorrected correlation for the personality/temperament
cluster (r = .304). In fact, the degree of difference between the two correlations is almost
identical to the difference between the corrected correlations. Certainly, no single studyeven a meta-analysis- is definitive. However, the results if the present study are at odds
with the mediated effects model. The degree to which the findings of the present study
can be taken as disconfirming evidence regarding Beatty’s mediated effects model must
be discussed within both theoretical and methodological contexts. At the theoretical
level, Beatty arranged the model in accordance with ever-evolving propositions about
communication but it is critical to note that Beatty presented no empirical evidence for
the temporal ordering of the variables. However, the results of the present study are databased. Moreover, the average effect sizes for the personality/temperament and
communication clusters were based on multiple studies. Therefore, the empirical
evidence appears to clash with theoretical speculation.
In general, when empirical evidence conflicts with a speculative model, the model is
modified to reflect the empirical evidence. From a methodological standpoint, however,
it is possible that the results of the present meta-analysis reflect systematic differences in
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the reliability of asymmetry scores. Given that the reliabilities for asymmetry were not
reported in the vast number of studies examined and that the range of reliability
coefficients was quite wide for the few reported reliability coefficients, it always possible
that the personality cluster and the communication cluster differed as a function of the
reliability of asymmetry. If, for some reason, the average reliability for asymmetry was
at the low end for the personality/temperament cluster but at the high end for the
communication cluster corrected average correlations might be in the correct direction.
Unfortunately, the researchers did not report reliabilities, nor did they report the essential
data needed for estimating reliability. Reliability, in the form of internal consistency, is a
function of the number data points (e.g., the number of items on a self-report
questionnaire or the number of measurements of brain activity made at baseline when
studying asymmetry) and the correlation among those data points. The higher the
average correlation among data points and the greater the number of data points, the
higher the reliability. Not only did the researchers generally fail to report reliability
coefficients, but they also failed to report the number of data points upon which
asymmetry was based. Therefore, it is impossible to determine the degree to which, if
any, the average correlations for the clusters of studies reflect systematic measurement
error in the measurement of asymmetry. This has implications for future research, which
will be discussed below.
Implications for Research
The results have implications for research and research methodology. First, the
previous discussion regarding failure to report adequate information about the reliability
of asymmetry scores raises the need for future research. Although theoretical models can
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be evaluated by piecing together results from meta-analyses (Hunter & Schmidt, 2004,
pp. 22-23), doing so requires adequate understanding of the important factors that
influence effects in the set of studies examined. It seems obvious from the discussion
regarding reliability of asymmetry that a better route to testing Beatty’s (2005) mediated
effects model would be to collect asymmetry data, personality/temperament data, and
communication data on one sample. Then, correlations among the variables can be
calculated and corrected for attenuation. Because personality/temperament is multidimensional (e.g., extraversion, neuroticism, psychoticism) and a large set of potential
communication variables exist (e.g., communication apprehension, verbal aggressiveness,
communication competence, assertiveness, etc.), there is potential for a great number of
studies that should be conducted.
A second line of research that might be worthwhile concerns the determinates of
asymmetry in the anterior cortex. If the degree of symmetry in the anterior cortices
strongly contributes to the ability to self-regulate emotions and behaviors, the question
arises as to the origin of asymmetry. Specifically, to what degree is asymmetry hardwired? Some interesting research indicates that prenatal hormonal exposure influences
the organization of the brain, especially lateralization (Grimshaw, Bryden, Raggatt, 1995;
Witelson & Nowakowski 1991). The correlations between particular hormonal exposure
and right versus left side dominance are in the moderate range. Importantly, these
correlations have not been corrected for attenuation. Beatty, McCroskey, and Pence (in
press) have suggested that prenatal hormone exposure is an important variable in the
development of personality traits. It may be, however, that asymmetry mediates the
relationship between prenatal hormonal exposure and subsequent communicator traits. A
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line of research designed to integrate prenatal experience, various neurobiological
functions (such as PFC asymmetry), temperament factors and communication variables
would provide a greater sense of understanding than afforded by current biological
models of communication.
Some methodological issues became apparent while reviewing studies. First, a great
number of studies had to be deleted because of insufficient statistical reporting. The
meta-analysis conducted in the present study would have included twice the data had
adequate reporting been done. Moreover, the ways in which the findings might have
been different had reliabilities been reported for all variables have already been
discussed. Hunter and Schmidt (2004) emphasized the relation between meta-analysis
work and theory buildings. They draw attention to how correlations derived from metaanalysis can be inserted as coefficients in causal models. However, this type of
application required estimates of measurement error and a large body of research. Had
the researchers conducting asymmetry work whose studies were exclude been guided by
a unifying theoretical model, they might have reported reliabilities for all measures and
others would have computed asymmetry indices rather than merely correlating variables
with either the left or right cortex. Had these procedures been followed, the present
meta-analysis could have been conducted on the type of sample size needed to build
theoretical models. However, as mentioned, the most appropriate course of action, given
the reporting and treatment of the data in the literature in general, it is necessary to
conduct several studies to adequately test the mediated effects model proposed by Beatty
(2005).
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Second, the effects in some studies were artificially inflated by poor methodological
choices. For instance, at first glance, the association of shyness and asymmetry appears
stronger than it truly is (Schmidt, 1999; Schmidt & Fox, 1994) due to the dichotomization
of shyness. Such practices exaggerate the potential of an explanatory variable.
Researchers should be encouraged to treat the data appropriately when analyzing it.
Otherwise, the results will be misleading, requiring others to perform corrections before
interpreting them.
Conclusion
The results of the present study clearly point to the role of symmetry in the PFC as at
least part of the neurobiological mechanism that permits regulation of behavior.
According to the communibiological paradigm, individual differences in behavior and
traits are traceable to individual differences in neurobiological functioning. The metaanalysis reported in the present study seems to indicate a fairly robust association
between individual differences in asymmetrical activity in the prefrontal cortex.
Although these findings disconfirm elements of the mediated effects model derived from
communibiological assumptions, more well-designed studies are needed to test the
model. It is hoped that the present investigation contributes in some way to that effort.
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